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(54) Transient driveline shock reduction for hybrid vehicle drive system 



(57) In a hybrid vehicle, there is a shock in a tran- 
sient period when a driving condition of an internal conv 
bustion engine (150) is shifted from a loaded driving 
state for power generation, in which a load is applied to 
the internal combustion engine (150) by a motor gener- 
ata (MGl .MG2). to a non-loaded driving state for idling 
or nxjtoring. in which no load is applied to the internal 
conr*)ustion engine (150). A hybrid power output appa- 
ratus of the present invention, in which the nrxrtor gener- 
ator (MGl ,MG2) is mechanically linked with the intorial 
contxjstion engine (150), prevents an abrupt change in 
output torque from the motor generator in the transient 
period from the loaded driving state to the non-toaded 
driving state. One procedure to attain this object sets 
the minimum re\/olving speed of the interr^ combustion 
engine in the loaded driving state (L5) to be greater than 
the revolving speed in the non-k)aded driving state (L6) 
by approxinr^tely 200 rpm. This setting enables the 
revolving speed of the internal combustion engine (150) 
to gradually vary in the transient period (D2) from the 
loaded driving state to the non-baded driving state 
(D3). and prevents an abrupt change of the torque out- 
put from the motor generator (MG1,MG2), which is 
under the PI control based n the revolving sp edofthe 
internal combustion engine. This accordingly reduces a 
shock due to the abrupt chang of the torque 
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Description 

BACKGROUND OF THE INVENTION 

Field of the tnventioh s 

[0001 ] The present invention relates to a power output 
apparatus having an internal combustion engpne and a 
ntotor generata that is mechanically connected with the 
interr^l combustion engine and applies a significant 10 
load onto the internal connbustion engir>e. 

Descrlptf on of the Related Art 

[0002] htybrid power output apparatuses having an is 
interr^l combustion engine arxJ a motor generator have 
recently been proposed as the power output apparatus, 
in which the motor generator is mechanicaOy linked wrth 
the internal combustion engine and applies a significant 
loading torque to the internal combustion engir^e. The so 
hybrid power output apparatuses include series-type 
hybrid power output apparatuses and parallel-type 
hybrid power output apparatuses. In the series-type 
hybrid power output apparatus, the power of the internal 
combustion engine is not directly transmitted to the 25 
drive shaft, but is regenerated in the form of electric 
power by the motor generator that is mechanically 
linked with the internal comtxjstion engine. In the paral- 
lel-type hybrid power output apparatus, on the other 
harxJ, both the power of the internal combustion engine 30 
and the power of the motor generator are transmitled to 
the drive shaft. In one example of the parallel-type 
hybrid power output apparatus, the power output from 
the internal combustion engine is divided into the power 
portion transmitted to the drive shaft and the power por- 35 
tion transmitted to the motor generator. A second motor 
connected with the drive shaft is driven with the electric 
power generated by the motor generator, so that a 
required power is output to the drive shaft. 
[0003] In the hybrid power output apparatus, the driv- 40 
ing condition of the internal combustion engine con- 
trolled t>y the parameters characteristic of the internal 
combustion engine, such as the quantity of fuel supply, 
as well as the loading torque and the revolving speed of 
the motor generator that is connected with the internal 45 
combustion engine. The power of the motor generator is 
output to the drive shaft While there is a reguirement for 
outputling the torque to the drive shaft, the irrternal com- 
bustion engine may be at a stop, at an idle, or in a 
motoring state to be tordWy rotated by the motor gener- so 
ator. 

[0004] In the hybrid power output apparatus, however, 
a shock or an impulsive vibration for a relatively short 
time period may occur in the transient period when the 
drhnoQ condition of the internal comtxjstion engine is 55 
shifted from the toaded driving state, in which a \oad is 
applied to the internal combustion engine by the motor 
generator, to the non-loaded driving state, in which no 



539 A2 2 

load is applied to the internal combustion engina The 
driver and the passenger feel the shock when the hybrid 
power output apparatus is mounted on the vehicle. This 
damages the good ride of the hybrid vehicle. 
[0005] In the parallel-type hytxid power output appa- 
ratus that uses gears for the power distribution mecha- 
nism, rattling noise of the gears may occur in the 
transient period. Since the hybrid power output appara- 
tuses have been proposed just recentiy, such problems 
have not yet been even pointed out 

SUIVIMARY OF THE INVENTION 

[0006] The object of the preserrt invention is to provide 
a hybrid power output apparatus and an internal com- 
bustion engine control apparatus that prevent a shock 
and noise in a transient period when the driving corxfi- 
tion of an intemal combustion engine is shifted from a 
loaded driving state, in which a load is applied to the 
internal combustion engine t>y a motor generator, to a 
non-loaded driving state, in which no load is applied to 
the intemal combustion engine. 
[0007] At least part of the above and tiie other related 
object is realized by a first power output apparatus 
having an internal combustion engine and a motor gen- 
erator that is mechanically connected with the intemal 
combustion engine and applies a significant load onto 
ttie internal combustion engine. The first power output 
apparatus includes a torque variation restricting unit 
that controls the intemal comtxjstion engine and the 
motor generator, in order to restrict a variation in torque 
output from the vnator generator in a transient to or 
below a predetermined level, in said transient period, a 
driving condition of the internal combustion engine 
being shifted from a loaded driving state, in which a load 
is applied to the internal comtxistion engine by tiie 
nrx>tor generator, to a non-loaded driving state, in which 
no load is applied to the internal comtxjstion engine. 
[0008] In the f irst power output apparatus of the 
present invention, the torque variation restricting unit 
restricts the variation in output torque of the motor gen- 
erator, which is mechanically linked with the internal 
combustion engine, in the transient period when the 
driving condition of the intemal comtxistion engine is 
shifted from the loaded driving ^te to the non-loaded 
driving state, thereby effectively reducing the shock. 
Prior to the explanation of this function, the cause of the 
shock in the conventional power output apparatus is 
described. The present invention is based on the eluci- 
dation of this cause. 

[0009] In the hybrid power output apparatus, the 
revolving speed of the internal cornbustion engine is 
controlled by regulating the load of the motor generator 
that is mechanically linked vinth the internal comtxjstion 
engine. When the intemal combustion engine is in the 
loaded driving state in the hybrid power output appara- 
tus, the motor generator outputs a negative torque to 
rotate the intemal comtxjstion engine at a predeter- 
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mined revolving speed. When the internal combustion 
engine is in the non-loaded driving state, on the other 
hand, the output torque of the nxrtor generator is sut> 
stantially zero. The output torque of the nrujtor generator 
is feed-back controlled, in order to cause the revolving 
speed of the internal conrt>ustion engine to be kept at a 
predetermined level. The quantity of fuel injection artd 
the other parameters relating to the internal combustron 
engine are regulated to enable the internal combustkHi 
engine to output the required power. 
[001 0] Here it is assumed that the driving condiion of 
the internal combustion engine is shifted from the 
loaded driving state to the non-loaded driving state. In 
the loaded driving state, the internal combustion engine 
is required to output a predetermined power The 
required power for the internal combustion engine 
decreases in the non-loaded driving state. Since the 
motor generator is feed-back controlled, the variation in 
required power for the intennal combustion engine does 
not cause a variation in output torque of the nrx)tor gen- 
erata. The motor generator accordingly continues out- 
putting the negative torque, which is the output torque in 
the loaded driving state. The revolving speed of the 
internal combustion engine is lowered by the negative 
torque output from the motor generator. When the 
deaeased revolving speed becomes lower than the tar- 
get revolving speed in the non-loaded driving state, the 
feed-back control causes the motor generator to output 
a positive torque and raise the revolving speed of the 
intemal combustion engine. The output torque of the 
motor generator thus remarkably varies from the nega- 
tive value to zero or the positive value While the con* 
ventional power output apparatus uses only the internal 
combustion engine as the power source, the hytxid 
power output apparatus has a large-sized motor gener- 
ator. An abrupt torque change accordingly causes a sig- 
nificant shock. This phenomenon is especially 
remarkable when the power output apparatus in the 
loaded driving state is driven at the revolving speed that 
is dose to the target revolving speed in the non-loaded 
driving state. 

[001 1 ] Such a phenomenon has not been reported 
with respect to the hybrid power output apparatus, and 
there have naturally been no analyses for the cause of 
this phenomenon. The applicants of the present inven- 
tion have carried out a variety of experiments and anal- 
yses* elucidated the fundamental cause of the 
phenomerron, and developed the power output appara- 
tus of the present invention. The power output appara- 
tus of the present invention restricts the variation in 
output torque of the nxTtor generator within a predeter- 
mined range in the transient state when the driving con- 
dition of the internal combustion engine is shifted from 
the loaded driving state t the non-loaded driving state, 
so as to reduce the shock. 

[001 2] A variety of means may be applicable to pre- 
vent a variation in output torque of the motor generator. 
One available arrangement canies out the open-loop 



control of the motor generator, instead of the feed-t)ack 
control, in the transient period, so as to realize a gradial 
change of the output torque. Another available arrange- 
ment causes the torque command value determined by 
5 the feed-back control to be subjected to a variation lim- 
iting process, thereby depressing the variation in output 
torque. 

[001 3] In accordance with one preferable application 
of the power output apparatus, the torque variation 

70 restricting unit controls the internal combustion engine 
and the motor generator in the loaded driving state, so 
as to keep a minimum re/olving speed of the intemal 
combustion engine in the loaded driving state at a spe- 
cific level that is greater than a target r^/olving speed in 

75 the non-loaded driving state by a predetermined value. 
[0014] In this preferatDle structure, it is further desira- 
ble that the power output apparatus has a motor gener- 
ator control unit that feed-back controls operation of the 
nxrtor generator based on an observed revolving speed 

20 of the internal combustton engine. The predetermined 
value in the torque variation restricting unit depends 
\jpon a decrease in revolving speed of the internal com- 
bustion engine due to a time delay of control of the 
motor generator. 

25 [001 5] In the power output apparatus of this preferable 
structure, the mininujm revolving speed of the internal 
contxistion engine in the loaded driving state is kept to 
be greater than the target revolving speed in the non- 
loaded driving state by a predetermined value. Even 

30 when the required power for the intemal combustion 
engine is deaeased by the shift to the non-loaded driv- 
ing state, the decreased revolving speed of the intemal 
combustion engine does not become signif icarrtly lower 
than the target revolving speed in the non-loaded driv- 

35 ing stale. There is accordingly no need of abnjptly 
changing the output torque of the motor generator from 
the negative value to the positive value, for the purpose 
of increasing the revolving speed of the internal com- 
bustion engine. This arrangement thus effectively pre- 

40 vents the shock. 

[001 6] In accordance with another preferable applica- 
tion of the power output apparatus, the motor generator 
is a first mota generator, and the motor generator con- 
trol unit is a first motor generator control unit. The power 

45 output apparatus further includes: a drive shaft for out- 
putting power; a second motor generator that applies a 
torque to the drive shaft; and a second motor generator 
control unit that regulates a torque output from the sec- 
ond motor generator, in order to cause a torque output 

50 from the drive shaft to be coincident with a required 
torque. The torque variation restricting unit feed-back 
controls operation of the first motor generator at a spe- 
cific speed of response that is lower than a speed of 
response of the second motor generator control unit 

55 [001 7] In the power output apparatus of this preferable 
application, the torque output from the secorxJ motor 
generator is regulated, in order to make the torque out- 
put from the drive shaft coincident with the required 
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torque. Even if there is a variation in output torque of the 
first motor generator that is mechanically linked with the 
internal combustion engine, the second motor genera- 
ta cancels this variation and thereby effectively reduces 
the shock. It is required that the variation in torque out- 
put from the second motor generator sufficiently follows 
tfie torque variation of the first motor generator In the 
power output apparatus of this preferable structure, the 
speed of response of the first motor generator is set 
lower than the speed of response of the secorxj nrx3tor 
generator. This enaUes the torque variation of the first 
motor generator to be cancelled. 
[0018] In accordance with still another preferable 
application of the present invention, the power output 
apparatus further includes: a drive shaft for outputting 
power; and a planetary gear having three rotating 
shafts, wherein the three rotating shafts of the planetary 
gear are respectively connected with the internal conrv 
bustion engine, the nnotor generator, and the drive shtaft 
[0019] In this power output apparatus, the internal 
combustion engine, the motor generator, and the drive 
shaft are mechanically linked with one another via the 
planetary gear. The variation in torque of the nnotor gen- 
erator accordingly tends to be directly transmitted to the 
drive shaft. Application of the present invention thus sig- 
nificantly reduces the shock. When a specific condition 
is fulfilled between the torques input to the respective 
rotating shafts of the planetary gear, rattling noise of the 
gears may occur in the planetary gear, as empirically 
known. The cause of the rattling noise has not yet been 
elucidated conpletely. but may be ascrit)ed to an abaipt 
change of the torque input into each rotating shaft. The 
structure of the present invention prevents a torque var- 
iation of the motor generator, arxl thereby reduces the 
rattling noise. 

[0020] The present invention is also directed to a sec- 
ond power output apparatus having an internal combus- 
tion engine and a woXof generator that is mechanically 
connected with the internal combustion engine and 
applies a significartt load onto the internal combustion 
engine. The second power output apparatus includes: a 
nwtor generator control unit that feed-back controls 
operation of the motor generator based on a revolving 
speed of the internal comtxjstion engine; and an inter- 
nal combustion engine corttrol unit that controls the 
internal combustion engine, so as to keep a minimum 
re/olving speed of the internal combustiorveRgine in a 
loaded driving state at a specific level that is greater 
than a target revolving speed in a non-loaded driving 
state by a predetermined value, wherein a load is 
applied to the internal combustion engine by the motor 
generator in the loaded driving state, whereas no load is 
applied to the internal comtxistion engine in the non- 
loaded driving state. 

[0021] Like the first power output apparatus, the sec- 
ond power output apparatus of the present invention 
can reduce the shock in the transient period when the 
driving concfition of the internal combustion is shifted 



from the loaded driving state to the non-loaded driving 
stata Based on the simitar principle, this power output 
apparatus can also reduce the shock in the transient 
period when the driving condition of the internal com- 

5 bustion engine is shifted from the non-loaded driving 
state to the loaded driving state. The outpxit torque of 
the nx^r generator is substantially zero in the non- 
loaded driving state. At the time when the internal com- 
bustion engine starts outputting the torque in the course 
10 of the shift to the loaded driving state, the output torque 
of the motor generator is kept sut^ntially equal to 
zero, because of the tin^ delay of the control. Th 
revolving speed of the internal comt>ustion engin 
accordingly becomes higher than the revolving speed in 

15 the non-loaded driving stata The motor generator is 
feed-t>ack controQed. in order to cause the internal com- 
bustion engine to be rotated at the target revolving 
speed in the loaded driving state. In the second power 
output apparatus, the minimum revolving speed of the 

so internal combustion engine in the loaded driving state is 
set to be greater than the target revolving speed in the 
non-loaded driving state. The increase in revolving 
speed due to the time delay of the control causes the 
revolving speed of the internal combustion ermine to 

2S approach to the target revolving speed in the loaded 
driving state. The feed-back control thus effectively pre- 
vents a large torque variation of the motor generator. 
[0022] The present invention is further directed to a 
method of controlling a power output apparatus having 

30 an internal combustkxi engine and a motor generator 
- that is mechanically connected with the internal com- 
bustbn engine and applies a significant load onto the 
internal combustion engine. The method includes the 
steps of: (a) driving the internal combustion engine and 

35 the nrxjtor generator in a loaded driving state where a 
load is applied to the internal combustion engine by the 
motor generator; (b) driving the internal contxistion 
engine and the motor generator in a non-loaded driving 
state where no load is applied to the internal combus- 

40 tion engine; and (c) controlling the imernal comtxistion 
engine and the vnoXor generator, in order to restrict a 
variation in torque output from the nrotor generator to or 
below a predetermined level, in a transient period 
between the step (a) and the step (b). 

45 [0023] Because of the same effects as those cfis- 
cussed atwve, the control method of the present inven- 
tion reduces the shock applied to the power output 
apparatus in the course of a shift between the loaded 
driving state and the non-loaded driving state. A variety 

50 of control techniques conesponding to the variety of 
applications discussed above with respect to the power 
output apparatus may be adopted for the control of the 
step (c). For exannple. the nrotor generator may be con- 
trolled by the open-k)op control in the course of a shift 

55 between the step (a) and the step (b). The nrnninmjm 
revolving speed of the internal combustion engine in the 
loaded driving state may be controlled to be greater 
than the target revolving speed in the non-loaded driv- 



-BNSOOClD: <EP 0916539A2 I > 



EP0916 539 A2 



8 



ing state. 

[0024] These and oth^- objects, features, aspects, 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the prefened embodiment with the accompanying draw- s 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] 10 

Rg. 1 schematically illustrates the structure of a 
hybrid vehicle with a power output apparatus that 
emtxxHes the present invention and is mounted on 
the vehide; is 
Fig. 2 is a graph showing restriction of the revolving 
speed of an engine; 

Fig, 3 is a flowchart showing a torque control rou- 
tine executed in the embodiment; 
Fig. 4 is a flowchart showing details of the required 20 
engine power setting process executed at step 
81 00 in the flowchart of Rg. 3; 
Rg. 5 is a flowchart showing details of the target 
engine speed setting process executed at step 
8200 in the flowchart of Rg. 3; 25 
Fig. 6 is a graph showing a relationship between 
the required power and the target revolving speed 
of the engine: 

Fig. 7 is a graph showing the relationship between 
the driving point of the engine and the driving effi- 30 
ciency: 

Fig. 8 is a graph showing the relationship between 
the revolving speed of the engine and the driving 
efficiency on the equal-power curves on which the 
required power is fixed; 35 
Rg. 9 is a graph showing variations of the respec- 
tive parameters in a transient period when the driv- 
ing condition of the engine is shifted from a loaded 
driving state to a non-loaded driving state; 
Fig. 10 shows a first modified configuration of the 40 
hyt)rid vehicle tf^ adopts mechanical distritxition; 
Rg. 1 1 shows a secorxi modified configuration of 
the hybrid vehicle that adopts mechanical distritxh 
tion; 

Rg. 12 shows the structure of another hybrid vehi- 45 

de that adopts electrical distribution; arxi 

Rg. 13 shews the structure of a series^ype hylxid 

vehida 

DESCRIPTION OF THE PREFERRED EMBODIIVIENT so 

(1) Structure of Embodiment 



[0026] The structure of one embodiment is desaibed 
with the drawing of Rg. 1. The hybrid vehide mainly 
indudes a power system for generating a driving force, 
a contr I system fa controlling the power system, a 
power transmission system for transmitting the driving 
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force from a driving source to driving wheels 116 and 
118, and a driving operation unit The power system is 
divided into two sut>-systems. that is. a sut>-system 
induding an engine 150 and a sub-system including 
motors MGI and MG2. The control systOT indudes an 
electronic control unit (hereinafter referred to as 
EFIECU) 170 that mainly controls operations of the 
engine 150, a control unit 190 that mainly controls oper- 
ations of the motors MGl and MG2. and a variety of 
sensors that detect input and output signals required 
for the EFIECU 170 and the controLunit 190. Although 
the internal structures of the EFIECU 170 and the con- 
trol unit 190 are not illustrated, tiiese are one-chip 
microcomputers indudng a CPU, a ROM, and a RAM. 
The CPU executes a variety of control processes dis- 
cussed below accading to programs recorded on th 
ROM. 

[0027] In the engine 150. the air ingested from an air 
inlet 200 is mixed with a fuel, that is, gasoline in this 
embodiment, irijected from a fuel injection valve 151. 
The air/fuel mixture is supplied into a combustion cham- 
ber 152 to be explosively ignited and combusted 
therein. Linear motions of a piston 154 pressed down by 
the combustion of the air/fuel mixture are converted into 
rotational motions of a crankshaft 156. An ignition plug 
162 converts a high voltage applied from an igniter 158 
via a distributor 160 to an electric spark which explo- 
sively ignites and combusts the air/fuel mixture. The hot 
combustion exhaust is released to tiie air via an exhaust 
outlet 202. 

[0028] The operation of tiie engine 150 is controlled 
by the EFIECU 170. The control operations of tiie 
engine 1 50 carried out by the EFIECU 1 70 include igni- 
tion tinting control of the ignition plug 162 according to 
the revolving speed of the engine 150 and regulation of 
the amount of fuel injection according to the quantity of 
the Ingested air In order to realize the control of the 
engine 150, a variety of sensors that detect the driving 
conditions of the engine 150 are connected to the 
EFIECU 170. These sensors indude, for example, a 
speed sensor 1 76 and an angle sensor 1 78 mounted on 
the distritxjtor 160 for measuring the revolving speed 
(the nunri^er of revolutions per a predetermined tim 
period) and the rotational angle of the crankshaft 1 56. A 
starter switch 1 79 for detecting a state ST of an ignition 
key (not shown) is also connected to the EFIECU 170. 
For convenierx;e of explanation, other sensors and 
switches connecting with the EFIECU 170 are omitted 
from the illustration. 

[0029] The motors MGl and MG2 that are also 
included in the power system have the structures dis- 
cussed below. The motor MGl is constructed as a syn- 
chronous motor generator and includes a rotor 132 
having a plurality of permanent magnets on its outer 
surface and a stator 133 having three-phase coils 
wound thereon to form a revolving magnetic field. The 
stator 133 is manufactured by laying thin plates of non- 
directional electromagnetic steel one upon another and 
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is fixed to a casing 119. In some occasions, the motor 
' MG 1 works as a motor that rotates the rotor 1 32 through 
the interaction between a magnetic fiekJ aeated by the 
permanent nragnets on the rotor 132 and a magnetic 
field aeated by the three-phase coils on the stator 133. 
In other occasions, the motor MG1 works as a genera- 
tor that generates an electromotive force on either ends 
of the three-phase coils on the stator 133 through this 
interaction. 

[0030] Like the motor MG1. the motor MG2 is also 
constnjcted as a synchronous motor generator and 
includes a rotor 142 having a plurality of permanent 
magnets on its outer surface and a stator 143 having 
three-phase coils wound thereon to form a revolving 
magnetic field. The stata 143 of the nwtor MG2 is also 
nrtanufactured by laying thin plates of non-directional 
electromagnetic steel one upon arxTther and is fixed to 
the casing 119. Like the motor MGl. the motor MG2 
nr^y work as a motor or a generator. 
[0031] These motors MGl and MG2 are electrically 
connected with a battery 194 and the control unit 190 
via first and second driving drcurts 191 and 192. which 
respectively include a plurality of transistors for switch- 
ing operations. The control unit 190 outputs control sig- 
nals for driving six switching elements or transistors 
respectively included in the first and the second driving 
circuits 191 and 192. The six transistors in each of the 
driving circuits 191 and 192 are an^nged in pairs to 
work as a source and a drain and thereby constitute a 
transistor inverter. The control unit 190 successively 
outputs control signals to control the ratio of the ON- 
time of the transistors in the source arKt in the drain. 
This PWM (pulse-width modulation) control causes the 
electric currents flowing through the respective phases 
of the three-phase coils to form quasi-sine waves. The 
three-phase coils then generate revolving magnetic 
fields and drive these motors MG1 and MG2. 
[0032] A variety of sensors and switches are electri- 
cally connected to the control unit 190. in order to ena- 
ble the control of the driving state of the hybrid vehicle, 
which includes the control of the motors MG1 and MG2. 
The sensors and the switches connected to the control 
unit 190 include an accelerator position sensor 164a. a 
brake pedal position sensor 165a, a gearshift position 
sensor 184, a water temperature sensor 174. and a 
remaining charge meter 199 of the battery 194. The 
control unit 190 receives a variety of signgys-from the 
driving operation unit via these sensors and the 
observed remaining charge of the battery 194. and 
trar^mits various pieces of informatbn to and from the 
EFIECU 170 for controlling the engine 150 through 
comrrtunication. The variety of signals from the driving 
operation unit indude an accelerator position (a step-on 
anx)unt of an accelerator 164} AP from the accelerator 
position sensor 164a. a brake pedal position (a step-on 
amount of a brake pedal 165) BP from ttie brake pedal 
position sensor 165a. and a gearshift position SP from 
the gearshift position sensa 184. The remaining charge 



meter 199 measures ttie remaining charge of the bat- 
tery 194. The remaining charge meter 199 may deter- 
mine the remaining charge of the battery 194 by any 
known method: for example, by measuring the spedf'c 

5 gravity of an electrolytic solution in the battery 194 or 
the whole weight of the t>attery 194, by computing the 
currents and time of charge arxf discharge, or by caus- 
ing an instarttaneous short drcuit between terminals of 
the battery 194 and measuring an intemal resistance 

10 against the electric current 

[0033] The power transmission system for transmitting 
the driving force from the driving source to the driving 
wheels 1 1 6 and 1 1 8 has the structure discussed below. 
The crankshaft 156 for transmitting the power of the 

IS engine 150 is linked with a planetary carrier shaft 127 
via a danrper 1 30. The planetary carrier shatt 127 arxi a 
sun gear shatt 125 and a ring gear shaft 126 for respec- 
tively transmitting rotations of the nxrtors MGl and MG2 
are mechanically linked with a planetary gear 120 dis- 

20 cussed later. The damper 130 connects the crankshaft 
156 of the engine 150 with the planetary carrier shatt 

127 and restricts the amplitude of torsional vibrations of 
the crankshaft 156. 

[0034] A power feed gear 1 28 for taking out the power 
25 is linked with a ring gear 1 22 and arranged between th 
ring gear 122 and the nx)tor MGl . The power feed gear 

128 is further connected to a power transmission gear 
1 1 1 via a chain belt 129. so that the power is transmitted 
between the power feed gear 128 and tiie power trans- 

30 nrtission gear 111. The power transmission gear 1 1 1 is 
further connected with the left and right driving wheels 
1 1 6 and 1 18 via a differential gear 1 1 4. so as to transmit 
the power to these wheels 1 16 and 1 18. 
[0035] The fdlowing describes the structure of the 

35 planetary gear 120 and the linkage of the crankshaft 
156. the planetary canier shaft 127. the sun gear shaft 
125 as the rotating axis of the nrx>tor MGl. and the ring 
gear shaft 126 as the rotating axis of the motor MG2. 
The planetary gear 120 indudes coaxial two gears, that 

40 is, a sun gear 121 and the ring gear 122. and a plurality 
of planetary pinion gears 123 that are arranged 
between the sun gear 121 arxl the ring gear 122 to 
revolve around the sun gear 121 while rotating on its 
axis. The sun gear 121 is linked with the rotor 132 of the 

45 nnotor MGl via the hollow sun gear shaft 125 which the 
planetary earner shaft 127 passes through. The ring 
gear 122 is linked with the rotor 142 of the motor MG2 
via the ring gear shaft 126. The planetary pinfon gears 
123 are conneded with the planetary canier shaft 127 

so via the planetary carrier 124 that supports the rotating 
axes of the planetary pinion gears 123. The planetary 
carrier shaft 127 is conneded with the crankshaft 156. 
As is known in the field of mechanics, determination of 
the revolving speeds of and the torques input to and out- 

55 put from any two shafts among tiie three shafts, that is. 
the sun gear shaft 125, ttie ring gear shaft 126. and the 
planetary carrier shaft 127. automatically determines 
the revolving speed of and the torques input to and out- 
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put from the residual one shaft. 
(2) General Operations 

[0036] The following briefly describes the general s 
operations of the hybrid vehicle of the ennbodinrient 
While the hybrid vehicle of the above structure runs in 
the ordinary state, the power corresponding to the 
required power to be output from the drive shaft 1 12 is 
output from the engine 1 50. subjected to torque conver- io 
sion discussed below, and transmitted to the drive shaft 
1 1 2. In the case wh©-e the aankshaft 1 56 of the engine 
150 rotates at the higher revolving speed and with the 
lower torque than the required revolving speed and the 
required torque to be output to the drive shaft 1 12. for 75 
example, the torque conversion causes the motor MG1 
to recover part of the power output from the engine 150 
as electric power and drives the motor MG2 with the 
recovered electric power. The planetary gear 120 
divides the power output from the engine 150 into a 20 
power portion transmitted to the nrxjtor MGl connected 
with the sun gear shaft 125 and a power portion trans- 
mitted to the drive shaft 1 1 2 via the ring gear shaft 1 26. 
The power distribution is carried out under the condition 
that the revolving speed of the ring gear shaft 1 26 coin- 25 
cides with the required revolving speed. The motor MG^ 
regenerates the power portion transmitted to the sun 
gear shaft 125 as the electric power. The motor MG2 
linked with the rir»g gear shaft 126 is driven vnth the 
regenerated electric power, so that a torque is applied to 30 
the ring gear shaft 126. The application of the torque 
enables the required torque to be output to the drive 
shaft 112. Such regulation of the power transmitted in 
the form of the electric power via the motors MGl and 
MG2 enables the power output from the engine 150 to 35 
be output as tiie desired revolving speed and the 
desired torque to the drive shaft 1 12. 
[0037] In the case where the crankshaft 156 of the 
engine 150 rotates at the lower revolving speed and 
with the higher torque than the required revolving speed 40 
and the required torque to be output to the drive shaft 
1 12. on the other hand, the motor MG2 recovers parts 
of the power output from the engine 150 as electric 
power. The nrotor MGl is then driven with the recovered 
electric power. 45 
[0038] Based on these operating principles, the hybrid 
vehicle may run only with the nxjtor MG2.jas-the driving 
source or attematively run with both the engine 150 and 
the motor MG2 as the driving source. At the time of ini- 
tial acceleration of the hybrid vehicle or at the time when so 
the engine power is not required, for example, during a 
reduction of the speed or a downslope run, the hyt>rid 
vehicle stops operation of the engine 150 and runs only 
with the owtor MG2. During a run in tfie adinary state, 
on the other hand, the hybrid vehicle runs with the 55 
power of both the engine 150 as the main driving source 
and the motor MG2 as ttie auxiliary driving source. 
When botii the engine 150 and the rmtor MG2 are used 



as the driving source, the engine 150 can be driven at 
an efficient driving point according to the required 
torque and the torque that can be generated by the 
rnotOT MG2. Compared with tiie vehicle that uses only 
the engine 150 as the driving source, ttiis arrangement 
of the hybrid vehicle effectively saves the resource and 
has less emission. Rotation of the crankshaft 156 is 
transnvtted to the motor MGl via the planetary carrier 
shaft 127 and the sun gear shaft 125. The motor MGl 
can thus generate the electric power through the opera- 
tion of the engine 150 during a run of the hybrid vehicle. 
[0039] In the hybrid vehicle of the embodinient. the 
mechanical limit with respect to the revolving speeds of 
the planetary gear 120 used in the torque conversion 
restricts the allowable revolving speed range of th 
engine 150 against the vehicle speed as shown in the 
graph of Rg. 2. Such restriction exists because of th 
following reason. As is known, in the planetary gear 
120, the relationship of Equation (1) given below is hekl 
between a revolving speed Ns of the sun gear shaft 1 25. 
a revolving speed Nc of the planetary canier shaft 127. 
and a revolving speed of tiie ring gear shaft 126. 
where p denotes the gear ratio of the sun gear 121 to 
the ring gear 1 22 (tiiat is. the number of teeth of the sun 
gear 121 to the numtier of teeth of the ring gear 122). In 
this emtxxliment the revolving speed Nr of the ring gear 
shaft 126 is tiie parameter equivalent to tiie vehide 
speed, whereas tiie revolving speed Nc of the planetary 
carrier shaft 127 is the parameter equivalent to the 
revolving speed of the engine 150. 

Ns = Nc + (Nc-Nr)/p (1) 

[0040] The revolving speed of the sun gear shaft 125 
fias a mechanical limit The maximum revolving speed 
^te of ttie planetary carrier shaft 127 accordingly varies 
with a variation in revolving speed Nr of tiie ring gear 
shaft 126 under this restriction. The revolving speed Nc 
reaches the minimum at tiie revolving speed Nr= 0 arKi 
graduaOy increases witii an increase in revolving speed 
Nr. Because of this reason, the limft of the revolving 
speed of the engine 150 varies according to the vehide 
speed. As shown in the graph of Rg. 2. ttie upper limit 
of tiie allowable revolving speed range of the engin 
150 gradually inaeases with an increase in vehid 
speed. Because of the same reason, the lower limit of 
the allowable revolving speed range appears at or 
above a predetermined vehide speed. 

(3) Torque Control Process 

[0041 ] The following desaibes a torque control proc- 
ess executed in this embodiment The torque control 
process controls the engine 150 and the motors MGl 
and MG2, in order to enable the power defined by the 
required torque and the required revolving speed to be 
output from the drive shaft 112. The flowchart of Rg. 3 
shows a torque conti-ot routine executed in ttiis embodi- 
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ment. This torque control routine is rep^edly executed 
through timer interruption at predetermined time inter- 
vals by the CPU in the control unit 190 (hereinafter sinv 
ply referred to as the CPU). 

[0042] When the program enters the torque control 
routine of Rg. 3, the CPU sets a required power Pe of 
the engine 150 at step SI 00. The details of the setting 
at step Si 00 are described with the flowchart of Fig. 4. 
[0043] In the required engine power setting routine of 
Rg. 4, the CPU calculates the required power Pe of the 
er>gine 150 as the sum of a power space required for 
acceleration, a power spchg required for charging or 
discharging, and a power spac required for auxiliary 
nruchinery at step 3105 The power space required tor 
acceleration depends upon the vehicle speed and the 
step-on amount of the accelerator 164. The power 
spchg required for charging or discharging depends 
upon the remaining charge of the battery 194. The 
power spac required for auxiliary machinery is. for 
example, used to drive an air conditioner. Although 
being not specifically shown in the flowchart of Rg. 4, 
the CPU reads the vehicle speed, the accelerator posi- 
tion AP, and other required data from the variety of sen- 
sors shown in Rg. 1 , in order to calculate these powers. 
[0044] After calculating the required power Pe of the 
engine 150. the CPU determines whether or not activa- 
tion of the engine 150 is required at step S110. As dis- 
cussed previously, the hybrid vehicle of the embodiment 
can run while tiie engine 150 is at a stop. Aceorc£ng to 
the requirement for activation of the engine 150, the 
state of the engine 150 shifts from the ceased condition 
to the driving corxlition in which the injected fuel is com- 
busted to generate the power. In the case where the 
vehicle speed is relatively low at a start of a run. the 
hybrid vehicle of the embodment drives with the output 
torque of the motor MG2 while the engine 150 is at a 
stop. The requirement for activation of the engine 150 is 
issued when the vehicle speed increases and the oper- 
ation of the engine 150 is required. The requirement for 
activation of the engine 150 is output when the state of 
the engine 150 is to be shifted from the ceased condi- 
tion to the driving condition or alternatively when the 

ngine 150 is under the activation control. 
[0045] In the case where there is no requirement for 
activation of the engine 150, the CPU subsequentiy 
determines whether or not power generation is required 
at step Si 15. The requirement for power ae«eration is 
issued when the remaining charge of the battery 194 is 
lowered. According to the requirement for power gener- 
ation, the motor MG1 generates electric power by utiliz- 
ing the power of the engine 150 and the battery 194 is 
charged with the generated electric power. The require- 
ment for power generation is output when a start of 
power generation is required due to a decrease in 
remaining charge of the battery 194 or alternatively 
when the power generation is underway 
[0046] In the case where there is no requirement for 
power generation, the CPU determines that the engine 



150 is not required to output the power and sets the 
value '0' to the required power Pe of the engine 150 at 
step S120. In this case, tiie power space required for 
acceleration is supplied in the form of electric power 

5 from the battery 1 94. 

[0047] In the case where there is either a requirement 
for activation of the engine 1 50 (step S 1 1 0) or a require- 
ment for power generation (step 81 1 5). the value of the 
required power Pe calculated at step SI 05 is used for 

10 the sut^equent processing. If the required power Pe is 
less tiian the value 'V. however, tiie CPU sets the value 
'V to the required power Pe and ascertains that the min- 
imum value of the required power Pe is not less than 1 
at step SI 25. In the hybrid vehicle of the entxxjiment. 

f 5 an engine control process (executed at step S700 in the 
flowchart of Rg. 3 as discussed later) determines no 
requirement for continuous operation of the engine 150 
and stops tiie engine 150 when the required power Pe 
of the engine 150 is smaller than the value '1\ The set- 
so ting of tiie lower limit to the required power Pe at step 
Si 25 aims to avoid tiie stop of tfie er>gine 150 in this 
control procedure. When another condition is adopted 
to determine a stop or a continuous operation of the 
engine 1 50. it is not required to set the lower limit to the 

25 required power Pe. 

[0048] At sut^equent step SI 30, tiie CPU carries out 
a gentie variation process according to the required 
power Pe of the engine 150 set in the above manner. 
For the stat>le operation of the engine 150, the rate of 

30 change in required power Pe should be in the range 
where the control of the engine 150 by the EFIECU 170 
can follow. In the gerrtle variation process, the CPU 
reads the previous required power obtained in the previ- 
ous cycle of ttiis routine and corrects the required power 

35 Pe of the engine 150, in order to make ttie cfifference 
between the current required power Pe set in the cur- 
rertt cycle of this routine and the previous required 
power within a predetermined range. 
[0049] After setting the required power Pe of the 

40 engine 150, the CPU sets a target revolving speed 
netag of the engine 150 at step S200 in the flowchart of 
Rg. 3. The details of setting at step S200 are descn'bed 
with the flowchart of Rg. 5. 

[0050] In the target engine speed setting routine of 
45 Rg, 5, the CPU first reads the required power Pe of the 
engine 150 at step S205. The required power Pe has 
been set in the required engine power setting routine 
shown in the flowchart of Rg. 4 and discussed previ- 
ously. 

50 [0051] The CPU then determines whether or not the 
engine 150 is in an idle driving state at step S210. The 
idle driving state implies that the engine 150 does not 
output a significant power but rotates without being 
nrotored by the power of the motor MGl or the like. This 

55 kSie driving state occurs, for exairple. when warm-up of 
the engine 150 is required. A concrete procedure of 
step S210 determines whether or not a condition for 
driving the engine 1 50 in the idle driving state is futf aied. 
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The condition is satisfied when the engine 150 is at an 
idle or attemativety when the state of the engine 150 is 
to be shifted to the idle driving state. 
[0052] In the case where the &igine 1 50 is not in the 
idle driving state, the CPU sut)sequentty determines s 
whether or not the engine 150 is in a motoring state at 
step S215. The motoring state implies that the crank- 
shaft 156 of the engine 150 is fbrcd>ly rotated by the 
torque of the motor MG1 or the motor MG2. This motor- 
ing state occurs, for example, when there is a fear of io 
excessively charging the battery 194 and the engine 
150 is required to motor with a view to cortsuming the 
electric power, or when the engine 150 s required to 
motor prior to a start for the purpose of warming up the 
engine 1 50. Both the idle driving state and the motaing is 
state correspond to the driving state where no load is 
applied to the engine 150 and are hereinafter collec- 
tively referred to as the non-loaded driving state. Any 
other driving states where some load is applied to the 
engine 150 are collectively referred to as the loaded 20 
driving state. 

[0053] When the engine 1 50 is in the non-loaded driv- 
ing state, that is. either in the idle driving stdte (step 
S210) or in the motoring slate (step S215). the CPU 
sets the target revolving speed netag of the engine 1 50 25 
equal to 1000 rpm at step S225. The target revolving 
speed 1000 rpm is specified, based on the minimum 
re/oMng speed that allows stable operation of the 
engine 1 50. 

[0054] When the engine 1 50 is neither in the idle driv- 30 
ing state nor in the motoring state, that is, in the loaded 
driving state, on the other hand, the CPU refers to a tar- 
get revolving speed setting table and sets the target 
revolving speed netag of the engine 150 based on the 
required power Pe at step S220. Fig. 6 is a graph show- 35 
ing a relationship between the required power Pe (kW) 
and the target revolving speed netag (rpm). In the actual 
state, this graph is staed in the form of a tabUe in the 
ROM of the control unit 190. A concrete procedure of 
step S220 reads this target revolving speed setting 40 
table, carries out interpolation if necessary, and thereby 
determines the target revolving speed netag of the 
engine 150 corresponding to the irput required power 
Pe. 

[0055] As clearly understood from the graph of Rg. 6, 45 
the target revolving speed netag is fixed to a constant 
value 1200 rpm while the required powef -Pe is in the 
range of 1 to 9. This fixed target revolving speed 1200 
rpm in tfie loaded driving state is greater than the target 
revolving speed 1000 rpm in the idle driving state or in so 
the motoring state. In the range where the required 
power Pe is greater than 9. the target revolving speed 
netag increases with an increase in required power Pe. 
In this range, the target revolving speed netag is speci- 
fied by selecting the driving point of the highest driving 55 
efficiency of the engine 150 as discussed below. 
[0056] Fig. 7 is a graph showing the relationship 
between the driving point of the engine 150 arxj the 



driving efficiency. A curve B denotes the limit of the 
revolving speed and the torque allowable for operation 
of the engine 1 50. Curves shown as al%. a2%, and the 
tike denote the equal-efficiency lines, on which the effi- 
ciency of the engine 150 is fixed. The efficiency 

decreases in the order of a1%, a2% As clearly 

shown in the graph of Fig. 7. the efficiency of the engine 
150 is high in a relatively restricted range of the driving 
points and gradually deaeases with an increase in dis- 
tance from the range. 

[0057] Curves C1-C1. C2-C2._and C3-C3 denote 
equal-power curves, on which the power output from the 
engine 150 is fixed. The driving point of the engine 150 
should be selected on these curves according to the 
required power. The required power decreases in the 
order of Cl -CI , C2-C2. C3-C3. When a required revolv- 
ing speed Nr and a required torque Tr are plotted on th 
curve CI -CI, for example, the selected driving point of 
the engine 150 is a point A1. wtiich gives the highest 
driving efficiency on the curve C1-C1. In a similar man- 
ner, the selected driving point is a point A2 on the curv 
C2-C2 and a point A3 on the curve C3-C3. Rg. 8 is a 
graph showing the relationship between the revolving 
speed of the engine 150 and the driving efficiency on. 
the respective cun/es Cl-CI. C2-C2. and C3-C3. 
Although only three curves C1-C1. C2-C2, C3-C3 and 
three driving points A1. A2, A3 are shown for conven- 
ience of explanation, any numt>er of curves can be 
drawn and any number of driving points of the engine 
150 can be selected according to the required power. 
Successively joining the points of the high driving effi- 
ciency of the engine 150 gives a curve A shown in the 
graph of Rg. 7. Such a curve as the curve A is called a 
working curve. The graph of Rg. 6 shows part of the 
working curve with the required power plotted as 
abscissa and the target revolving speed as ordinate. 
[0058] As clearly understood from the graph of Rg. 6. 
when the engine 1 50 is driven at the driving point of the 
high driving efficiency, the target revolving speed 
decreases with a decrease in required power. In the 
case of the engine 150 of the embodiment the mini- 
mum revolving speed for stable operation is 1000 rpm 
as described previously. If the priority is given to the 
driving efficiency of the engine 150, the relationship 
between the required power Pe and the target reA^ing 
speed netag nrtay include the value '1000 rpm\ This is 
specified by a curve LI shown by the broken line in Rg. 
6. This embodiment, however, sets the revolving speed 
1200 rpm to the lower limit as specified by another 
curve 12 shown by the sold line in Rg. 6. 
[0059] In the graph of Rg. 7, Ne3= 1000 rpm and 
Ne2= 1200 rpm. When the required power corresponds 
to the curve C3-C3. the engine 150 is driven at a driving 
point A3 in the graph of Rg. 7 when the target revolving 
speed of the engine 150 is equal to 1000 rpm and at a 
driving point A4 when the target revolving speed is 
equal to 1200 rpm. This clearly shows that setting the 
lower linr^t of the target revolving speed of the engine 
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150 eqiaJ to 1200 rpm is disadvantageous from the 
viewpoint of the driving efficiency of the engine 1 50. The 
significance of such setting in this ennbodiment will be 
described later with the effects of the ennbodment 
[0060] The procedure discussed above specifies the s 
target revolving speed netag according to the driving 
state of the engine 1 50. The CPU then causes the spec- 
ified target revolving speed netag to undergo a revolving 
speed restriction process at step 8230. The revolving 
speed restriction process includes two different restric- io 
tions. 

[0061] The first restriction regards limitation of the 
revolving speed of the engine 150 shown in the graph of 
Rg. 2. This limitation depends upon the revolving speed 
of the ring gear shaft 1 26, since the planetary gear 1 20 is 
is linked with the aanKshaft 156 of the engine 150. 
When the target revolving speed netag exceeds the Bmit 
value of Fig. 2, the CPU con-ects the target revolving 
speed netag to the limit value. 

[0062] The second restriction regards the rate of 20 
change of the target revolving speed netag. For the sta- 
ble operation of the engine 150, the rate of change in 
target revolving speed netag should be in the range 
where the control of the engine 150 by the ERECU 1 70 
can follow. In this gentle variation process, the CPU 25 
reads the previous target revolving speed obtained in 
the previous cyde of this routine from the mennory of the 
control unit 190 and corrects the target revolving speed 
netag, in order to make the difference between the cur- 
rent target revolving speed netag set in the cun-ent cyde 3o 
of this routine and the previous target revolving speed 
within a predetermined range. 
[0063] After setting the target revolving speed netag, 
the CPU calculates a target torque Te of the engine 150 
at step S300 in the flowchart of Rg. 3. The target torque 35 
Te is calculated from the required power Pe and the tar- 
get revolving speed netag according to the equation of 
Te = Pe/netag . The CPU accordingly sets the driving 
point of the engine 150 defined by the target revolving 
speed netag and the target torque Te. 4o 
[0064] At subsequent step S400. the CPU calculates 
a target revolving speed Ns of the sun gear shaft 125 
from the target revolving speed netag of the engine 150 
thus obtained. In the planetary gear 120, the revolving 
speed Nr of the ring gear shaft 126 is determined 45 
accotling to the required revolving speed of the drive 
shaft 112, and the revolving speed Nc of tf>ei>lanetary 
canier shaft 127 is equal to the target revolving speed 
netag of the engine 150. Equation (1) is rewritten as 
Equation (2) given below by substituting these values, so 
and the target revolving speed Ns of the sun gear shaft 
125 is calculated accordng to Equation (2): 

Ns = netag + (netag -Nr)/p (2) 

55 

[0065] The CPU carries out control of the nx)tor MGl 
based on the target revolving speed Ns of the sun gear 
shaft 125 calculated In the above manner at step S500. 



The motor tAGI is controlled by the PI control method, 
which sets the target torque of the motor MGl accord- 
ing to the difference between the target revolving speed 
Ns and the actual reviving speed of the sun gear shaft 
125. In the case where the target revolving speed Ns is 
greater than the actual revolving speed of the sun gear 
shaft 125, the target torque of the motor MGl has a pos- 
itive value. In the opposite case, the target torque of the 
motor MGl has a negative value. The method of con- 
trolling a synchronous motor according to the target 
torque arxJ the revolving speed is known in the art arxi 
thereby not specif k^lly described here. 
[0066] In a similar manner, the CPU carries out PI 
control of the motor MG2 at step S600. The revolving 
speed of the nnotor MG2 is determined accorcfing to the 
required revolving speed of the drive shaft 112. Like in 
the case of the nrxTtor MGl, the target torque of the 
motor MG2 is set based on the difference between the 
target revolving speed and the actual revolving speed. 
[0067] The CPU subsequerrtly carries out control of 
the engine 150 at step S700. The control procedure for 
enabling the engine 150 to be driven at the specified 
driving point is known in the art and thereby not specifi- 
cally described here. The control of the engine 150 is 
actually executed by the EFIECU 170. The actual pro- 
cedure can-ied out at step S700 in the torque control 
routine is thus transmission of required pieces of infbr- 
nrration, such as the driving point of the engine 150. from 
the control unit 190 to the EFIECU 170. 
[0068] The power output apparatus of the emtxxfi- 
ment prevents an abrupt change of the output torque of 
the motor MGl in a transient period when the driving 
condition of the engine 150 is shifted from the loaded 
driving state to the non-loaded driving state, and 
thereby reduces the shock in the transient period. 
Besides there is no need of changing the contents of the 
torque control process, v^fhether or not the driving state 
of the engine 1 50 is in the transient period, as discussed 
below with the drawing of Rg. 9. 
[0069] The graph of Rg. 9 shows variations in torque 
command value of the motor MQ1 , revolving speed of 
the engine 150. and required power of the engine 150 
when the driving condition of the engine 150 is shifted 
from the toaded driving state (a district D1 in Rg. 9) to 
the non-loaded caving state (a distrrct D3) via the tran- 
sient period (a district D2). As shown in the graph of Rg. 
6. the revolving speed of the engine 150 varies with a 
variation in required power Pe. In the example of Rg. 9, 
the effect of a shock due to a torque variation of the 
orator MGl significantly appears when the engine 150 
is driven at the minimum revolving speed in the loaded 
driving state. Solid curves L3 and L5 represent varia- 
tions in torque command value arxl revolving speed of 
the engine 150 in the arrangement of this enrt>odiment 
(the curve L2 in Rg. 6). Broken curves L4 and 16 repre- 
sent variations in torque oomnnand value and revolving 
speed of the engine 150 when it is assumed that the 
minimum revolving speed of the engine 1 50 is set equal 
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to 1000 rpm (the curve LI in Rg. 6) in the loaded driving 
state. 

[0070] As shown in Rg. 9, when the engine 150 is in 
the loaded driving state, that is, in the cfistrict D1, the 
motor MGl generates lectrictty and has a negative 
output torque. Compared with the arrangement of the 
embodiment in which the minimum revolving speed of 
the engine 150 is set equal to 1200 rpm (the curve L3]. 
the arrangement in which the mininujm revolving speed 
of the engine 150 is set equal to 1000 rpm (the curve 
L4) requires a further restriction of the revolving speed 
of the engine 150 and thereby causes a smaller output 
torque of the rrwtor MGl (but a greater absolute value). 
[0071 ] When the driving condition of the engine 1 50 is 
shifted from the loaded driving state to the non-loaded 
driving state, that is, to the district D3, the nrator MGl 
has a positive output torque. In the transient period of 
the district D2, the torque command value smoothly var- 
ies in the arrangement of the embodiment, whereas the 
torque command value abruptly varies and causes an 
overshoot (OS in Rg. 9) in the case of the minimum 
revolving speed equal to 1000 rpm. 
[0072] The following describes the cause of this phe- 
nomenon based on the variations in revolving speed 
and required power of the engine 150. The motor MG1 
is under the PI control as descn'bed previously. When 
the minimum revolving speed of the engine 150 is equal 
to 1000 rpm (the curve L4). the mininrtum revolving 
speed coincides with the target revolving speed of the 
engine 150 in the non-loaded driving state (the district 
D3). so that the motor MGl tries to maintain the torque 
under such conditions. When the required power of the 
engine 150 deaeases in the district D2, the negative 
torque of the nrK)tor MG1 causes a deaease in revotving 
speed of the engine 150 as shown by the curve L6. The 
decrease in revolving speed of the engine 150 causes 
the motor MGl to output a positive torque, in order to 
raise the revolving speed of the engine 1 50 to the target 
revolving speed. This results in an abrupt rise of the 
torque as shown by the curve L4. 
[0073] In the anrangement of the embodment. on the 
other hand, the revolving speed of the engine 150 in the 
loaded driving state is greater than the target revolving 
speed of the engine 1 50 in the non-loaded driving state 
as shown by the curve L5. Even when the negative 
torque of the motor MGl causes a decrease in revolving 
speed of the engine 150 in the transie^-period, the 
revolving speed of the engine 150 does not become 
lower than the target revolving speed, so that there is no 
abrupt change of the torque of the motor MGl. as 
shown by the curves L3 and L5. 
[0074] As discussed above, the power output appara- 
tus of the embodiment does not cause an abrupt 
change of the torque of the nx3tor MG1 but realizes a 
gentle variation in torque in the transient period, thereby 
attaining the good ride of the hybrid vehicle. When the 
engine 150 has a low revolving speed in the loaded driv- 
ing state as shown in the example of Rg. 9. that is, when 



the hybrid vehicle is at a stop or runs at a low speed, the 
driver and the passenger tends to feel even a slight 
shock. The arrangement of the embodiment especially 
has significant effects In such cases. 
5 [0075] Another advantage of this embocfiment is to 
reduce the rattling noise occurring between the gears in 
the planetary gear 120. This effect may be ascribed to 
the following reason though not being apparent per- 
fectly, since the cause of the rattling noise itself has not 
10 yet been elucidated. 

[0076] In the planetary gear 120 used in this embodi- 
ment there is naturally looseness or play between the 
respective gears. In the course of substantially steady 
rotation, the tooth face of one gear is pressed against 
15 the tooth face of another gear engaging therewith. A 
torque variation of the nnotor MGl under such condi- 
tions changes the engagement of the gears and causes 
a collision of the tooth face of one gear against the tooth 
face of another gear. When there is a large torque vari- 
ation of the nrrator MGl and there is an overshoot OS as 
shown by the curve L4 in Rg. 9. the gears rather vio- 
lently collide with each other many times. It is through 
that this causes the rattling noise. The structure of th 
embodiment, on the other hand, realizes a gentle torque 
variation of the motor MG1 and enables rotation of the 
gears while the tooth face of one gear is pressed 
against the tooth face of another gear engaging there- 
with. This arrangement effectively prevents a collision of 
the gears or at least relieves the intensity of the colli- 
sion, thereby reducing the rattling noise. 
[0077] As dscussed above, the power output appara- 
tus of the embodiment sets the minimum revolving 
speed of the engine 150 in the loaded driving state to be 
greater than the target revolving speed of the engine 
150 in the non-loaded driving state by a predetermined 
value, thereby enabling a gentle variation in torque of 
the motor MGl . The predetennined value is set equal to 
200 rpm in ttiis emt)0dimertt The predetermined value 
is closely related to the response of the motor MGl to 
the PI control and the negative toque output from the 
nrx>tor MGl in the loaded driving state of the engine 
150. The predetermined value should thus be set exper- 
imentally accordng to these values. For the purpose of 
decreasing the torque variation of the motor MGl in th 
transient period, it is desirat^le to set a greater value to 
the mininrtum revolving speed of the engine 150 in th 
loaded driving state. The greater minimum revolving 
speed, however, is disadvarrtageous from the viewpoint 
of the driving efficiency of the engine 150 as descrit>ed 
previously, it is accordingly preferable that the mininrtum 
revolving speed of the engine 150 in the loaded driving 
state is set to a value as small as ()ossible in the allow- 
able range that realizes a gentle torque variation of the 
motor MGl. 

[0078] The entxxJiment adopts the technique of 
restricting the minirTUjm revdving speed of the engine 
150 in the loaded driving state as the easiest method of 
reducing a torque variation of the motor MGl , since this 
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method does not require any modification of the torque 
control routine, whether or not the engine 150 is in the 
transierrt period. Another method may. however, be 
applied to reduce a torque variation of the motor MG1 
as discussed below. 5 
10079] A first application is the technique of controDing 
the motor MGl in the transient period not by the Pi con- 
trol txit by the open-loop control. As clearly shown in 
Rg. 9. the output torque of the motor MGl varies from 
negative to positive in the transient period. The open- io 
loop control of the first application gradually increases 
the output torque of the motor MGl in the transient 
period at a predetermined rate within the allowable 
range that does not cause a shock due to the torque 
variation, irrespective of the revolving speed of the is 
engine 150. The control procedure of the motor MGl is 
retumed from the open^oop control to the PI control at 
the time when the torque of the motor MGl gradually 
irKreases in the transient period and the revolving 
speed of the engine 1 50 reaches a spedfic range close 20 
to the target revolving speed. 

[0080] A second application is the technique of nuk- 
ing the torque commarxJ value of the rrxjtor MGl in the 
transient period subjected to a variation Bmiting proc- 
ess. The variation limiting process corrects the torque 25 
command value of the motor MGl set under the PI con- 
trol, in order to make the quantity of change per unit 
time not greater than a predetermined level. One con- 
crete procedure of the variation limiting process multi- 
plies the previous torque command value obtained in 30 
the previous cycle and the current torque command 
value obtained in the cunrent cyde by weighting coeffi- 
dents and calculating the mean of the products. This 
variation limiting process restricts the torque variation of 
the motor MG1 within a predetermined range of varia- 35 
tion. thereby redudng the shock. 
[0081] A third application is the technique of making 
the response of the motor MGl to the PI control slower 
than the response of the motor MG2 to the PI control. 
As described previously, in the hybrid vehide with the 4o 
motors MGl and MG2. the torque command value of 
the nxrtor MG2 is set to make the torque output from the 
drive shaft 112 coincident witii the required torque. If the 
control of the nxrtor MG2 suffidently follows a torque 
variation of the nxjtor MGl . there is no shock due to the 45 
torque variation. In the actual state, however, the 
response of the motor MGl to the controbf3'sut>stan- 
tially equal to the response of the nrx3tor MG2. There is 
accordingly a certain time delay before the corrtrd of the 
motor MG2 follows the torque variation of the motor so 
MGl. This time delay results in a shock due to the 
torque variation. The structure of the third app6cation 
makes the response of the motor MGl to the PI corrtrd 
slower than the response of the motor MG2 and thereby 
enables the control of the motor MG2 to suffidentiy fol- ss 
low the torque variation of the motor MGl . so as to can- 
cel the shock. A variety of methods may be applicat)le to 
make the response of the nxjtor MGl to the control 



slower than the response of the nrxjtor MG2. One avafl- 
able method changes the gain used for calculation of 
the torque command value of the motor MGl . Another 
available method causes the torque command value of 
the motor MGl to undergo the variation limiting proc- 
ess. Still another available method makes the cyde of 
controlling the motor MGl longer than the cycle of con- 
trdling the nnotor MG2. 

[0082] In any of the above applications, the erigine 
1 50 can be driven at the driving point of the high driving 
effidency in the loaded driving state. Compared with the 
embodiment discussed atwve. these applications cause 
a littie time delay before the revolving speed of the 
engine 150 reaches the target revolving speed. This 
problem is. however, not significant since the strict reg- 
ulation of the revolving speed of the aigine 1 50 is not 
required in the non-loaded driving state. 
[0083] In the power output apparatijs of the embocfi- 
ment the torque corrtrd routine is executed to prevent 
an abrupt change of the torque of the motor MGl in the 
transient period when the driving condition of the engine 
150 is shifted from the loaded driving state to the non- 
loaded driving state. The torque control routine may 
atso be applied to the transient period when the drivirtg 
corxfition of the engine 150 is shifted from the non- 
loaded driving state to the loaded driving state. In this 
case, the target revolving speed of the engine 150 in the 
loaded driving state is set to be greater tiian the mini- 
mum revolvirig speed of the engine 150 in the non- 
loaded driving state in the same hianner as that shown 
in Rg. 6. This arrangement effectively prevents an 
abrupt change of the torque of the motor MG1 in the 
transient period from the non-loaded driving state to the 
loaded driving state and reduces the shock. 
[0084] These effects are deariy understood when the 
graph of Fig. 9 is otDserved in the sequence of the dis- 
tricts D3. D2. and Dl. When the driving condition of the 
engine 150 is shifted from the non-loaded driving state 
(the district D3) to the loaded driving state (the district 
D1). the required power of the engine 150 increases as 
shown in Rg. 9. The motor MGl outputs a predeter- 
mined positive torque in the non-k}aded driving ^te. 
which works to increase ttie revolving speed of the 
engine 150. When the target revolving speed of the 
engine 150 in the loaded driving state is set to 
greater than the minimum revolving speed of the engine 
150 tn the non-loaded driving state, ti^e output torque of 
the nr»otor MGl does not abruptly change but varies 
smoothly as shown in Rg. 9. 

[0085] The respective elements of the power output 
apparatus may have a variety of configurations other 
than those discussed in the above embodiment. For 
exanrple. permanent magnets {PM)-type synchronous 
motors are used for the motors MGl and MG2 in the 
eirtoodiment Any other motors which can implement 
both the regenerative operation arxi the power opera- 
tion, such as variable reluctance (VR)-type synchro- 
nous motors, vernier motors, d.c. nx)tors. induction 
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motors, superconducting motors, and stepping motors, 
may, however, be used for the motors MG1 and MGi2 
according to the requirements. 
[0086] There are other possible configurations of the 
hybrid vehicle with the power output apparatus of the 5 
embodiment mounted thereon. In the hybrid vehicle of 
the configuration shown in Rg. 1 . the driving force of the 
engine 150 and the mota MG2 is transmitted to the 
driving wheels 116 and 1 18 via the planetary gear 120. 
Modified configurations as shown in Rgs. 10 and 11 io 
may also be applied for the connection of the planetary 
gear 120 with the engine 150 and the motors MG1 and 
MQ2. In the structure of Rg. 1 . the power output to the 
ring gear shaft 126 is taken out of the portion between 
the motors MG1 and MG2 via the power feed gear 128 is 
connected with the ring gear 122. In the modified struc- 
ture of Rg. 10. the power is taken out of an extended 
ring gear shaft 1 26A. In the modified structure of Rg. 
11. the engine 150, a planetary gear 120B, the nrv^tor 
MG2, and the nrxrtor MGl are arranged in this order. In 20 
this case, a sun gear shaft 125B may not be hollow, 
while a ring gear shaft 126B should be hollow. In this 
structure, the power output to the ring gear shaft 1268 
is taken out of the portion between the engine 150 and 
the nx>tor MG2. Although not specHicaQy illustrated, the 25 
motor MG2 and the motor MGl may be replaced with 
each other in the structure of Rg. 10. 
[0087] In the nxxiified stmcture where the motor MG2 
applies a load to the engine 150, which is in the loaded 
driving state, the principle of the present invention is 30 
applied to the torque control that prevents an abrupt 
change of the torque of the motor MG2 instead of the 
motor MGl. 

[0088] The principle of the present invention may be 
applied to another configuration that does not include 35 
the planetary gear 120 as shown in Rg. 12. In the struc- 
ture of Rg. 12. the motor MGl and the planetary gear 
120 in the structure of Rg. 1 are replaced with a dutch 
motor MG3. which includes a rotor (inner rotor) 234 and 
a stator (outer rotor) 232 that are rotatable relative to an 40 
identical axial center and function as electromagnetic 
coupling. The outer rotor 232 of the clutch motor MG3 is 
mechanically linked with the crankshaft 156 of the 
engine 1 50. The Inner rotor 234 of the clutch nwtor MG3 
and the rotor 142 of the motor MG2 are connected with 45 
a drive shaft 1 1 2A. whereas the stator 1 43 of the motor 
MG2 is fixed to the casing 1 1 9. - — 

[0089] In the hybrid vehicle of this modified structure, 
the clutch motor MG3 applies a load to the engine 150. 
The principle of the present invention is thus applied to so 
the torque control that prevents an abrupt charge of the 
torque of the clutch motor MG3. 
[0090] The hybrid vehicle may have a series-type con- 
figuration as shown in Rg. 13. In the series-type hytxid 
vehicle, the output shaft of the engine 150 is median!- ss 
cally connected with a generator G. which may also 
work as a rrxrtor. A motor MG4 is connected to the driv- 
ing wheels 116 and 118 via the power transmission 



gear 111, whereas the engine 150 is not linked with the 
driving wheels 1.16 and -118. The power of the engine 
150 is accordingly not transmitted to the driving wheels 
116 and 1 18 but is used to drive the generator G. The 
vehide is driven by the motor MG4 using the electric 
power stored in the battery 194. 
[0091] In the series-type hybrid vehide. the principle 
of the present invention is applied to the torque control 
that presents an abrupt change of the torque of the gen- 
erator G. In the series-type hylxid vehide. although the 
torques of the engine 150 and the generator G are not 
directly transmitted to the drive shaft 1 12. the driver and 
the passenger feel the shock due to an abrupt change 
of the torque of the generator G transmitted via the vehi- 
de body. The present invention for redudng the shock is 
thus effective in this series-type hybrid vehide. 
[0092] The principle of the present invention is also 
applicable to the conventional vehicle that uses only the 
engine 150 as the power source but includes a large- 
scaled dynaiTX) for power generation. The present 
invention is not restricted to the above embocfiment or 
its nxxfif ications, but there may be many other nwcfif ica- 
tions. changes, and alterations without departing from 
the scope or spirit of the main characteristics of the 
present invention. 

[0093] It should be dearly understood that the above 
enrdDodm^ is only illustrative and not restrictive in any 
sense. The scope and spirit of the present invention are 
limited only by the terms of the appended claims. 

Claims 

1. A power output apparatus having an internal com- 
bustion engine and a motor generator that is 
medianically connected with said internal combus- 
tion engine and applies a significant load onto said 
internal combustion engine, said power output 
apparatus comprising: 

a torque variation restricting unit that controls 
said internal combustion engine and said motor 
generator, in order to restrict a variation in 
torque output from said motor generator in a 
transient period to or below a predetermined 
level, in said transient period, a driving condi- 
tion of said internal combustion engine being 
shifted from a loaded driving state, in which a 
load is applied to said internal combustion 
engine by said nxrtor generator, to a non- 
loaded driving state, in which no load is applied 
to said internal combustion engine. 

2. A power output apparatus in accordance with daim 
1 . wherein said torque variation restricting unit con- 
trols said internal combustion engine and said 
nKJtor generator in the loaded driving state, so as to 
keep a minimum revolving speed of said internal 
combustion engine in the loaded driving state at a 
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specific level that is greater than a target revolving 
speed in the non-loaded driving state by a predeter- 
mined value. 

3. A power output apparatus in accordance with claim s 
2. said power output afparatus further compr^ng a 
motor generator control unit that feed-back controls 
operation of said motor generator t>ased on an 
observed revolving speed of said internal combus- 
tion engine. ^0 

wherein the predetermined value in said 
torque variation restricting unit depends ipon a 
decrease in revolving speed of said internal com- 
txistion engine due to a time delay of control of said 
motor generator. is 

4. A power output apparatus in accordance with claim 
1 . wherein said motor generator is a first nxrtcr gen- 
erator, and said motor generator control unit is a 
first motor generator control unit 20 

said power output apparatus further compris- 
ing: 

a drive shaft for outputting power; 

a second motor generator that applies a torque 25 

to said drive shaft: and 

a second motor generator control unit that reg- 
ulates a torque output from said second nx3tor 
generator, in order to cause a torque output 
from said drive shaft to be coincident with a so 
required torque. 

wherein said torque variation restricting unit 
feed-back controls operation of said first motor 
generator at a spedf'c speed of response that 
is lower than a speed of response of said sec- 35 
ond rTX>tor generator control unit 



an internal combustion engine control unit that 
controls said irrtemal combustion engine* so as 
to keep a minimum revolving speed of said 
internal contxjstion engine in a loaded driving 
state at a specific level that is greater than a 
target revolving speed in a non-loaded driving 
state by a predetermined value, wherein a load 
is applied to said internal combustion engine by 
said motor generator in the loaded driving 
state, whereas no load Is applied to said inter- 
nal corrixjstion engine in .tfie non-toaded driv- 
ing state. 

7. A mettiod of controlling a power output apparatus 
having an internal combustion engine arxl a nrwtor 
generator that is mechanicaily connected with said 
internal connbustion engine and applies a signifi- 
cant load onto said internal conrixistion engine, 
said method comprising the steps of: 

(a) driving said irrternal combustion engine and 
said motor generator in a loaded driving state 
where a load is applied to said internal com- 
bustion engine by said motor generator; 

(b) driving said internal combustion engine and 
said motor generator in a non-loaded driving 
state where no load is applied to said irrtemal 
combustion engine; and 

(c) controlling said internal combustion engine 
and said motor generator, in order to restrict a 
variation in torque output from said motor gen- 
erator to or below a predetermined level, in a 
transient p&iod between said step (a) and said 
step(b). 



5. A power output apparatus in accordarKe with daim 
1. said power output apparatus furtiier comprising: 

40 

a drive shaft for outputting power; and 
a planetary gear having three rotating shafts, 
wherein said three rotating shafts of said plan- 
etary gear are respectively connected with said 
internal combustion engine, said rrrotor genera- 45 
tor. and said drive shaft 

6. A power output apparatus having an internal com- 
bustion engine arxJ a motor generator that is 
mechanically connected with said internal oombus- so 
tion engine and applies a significant load onto said 
internal combustion engine, said power output 
apparatus comprising: 

a motor generator control unit that feed-ljack 55 
controls operation of said motor generator 
based on a revolving speed of said internal 
comtxistion engine; and 
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(54) Transient driveline shock reduction for hybrid vehicle drive system 

(57) In a hybrid vehicle, ttiere is a shock in a tran- shock due to the abrupt change of the torque, 
sient period when a driving condition of an internal conv 
bustion engine (150) is shifted from a loaded driving 
state for power generation, in which a load is applied to 
the internal combustion engine (150) by a motor gener- 
ator (MG1 .MG2), to a non-loaded driving state for idling 
or nxrtoring. in which no load is applied to the internal 
combustion engine (150). A hybrid power output appa- 
ratus of the present invention, in which the motor gener- 
ator (MGi ,VIG2) is mechanically linked vwth the internal 
combustion engine (150), prevents an abrupt change in 
output torque from the motor generator ijrtne transient 
period from the loaded driving state to the non-loaded 
driving state. One procedure to attain this object sets 
the minimum revolving speed of the internal combustion 
engine in the loaded driving state (L5) to be greater than 
the revolving speed in the non-loaded driving state (L6) 
by approximately 200 rpm. This setting enat)les the ^^^^^ 
revolving speed of the internal combustion engine (150) 
to gradually vary in the transi nt period (02) from the 
loaded driving state to the non-loaded driving state 
(03), and prev nts an abrupt change of the torque out- 
put from the motor generator (MG1.MG2), which ts 
under the PI control based on the revolving sp ed of the 
internal comixistion engine. This accordingly reduces a 
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